INTRODUCTION
The HER circumference is 2200 m and consists of six straight sections 120 m in length and six arc sections 240 m in length. Each arc contains 33 quadrupole magnets and 32 dipole magnets to form 16 cells per arc. The HER vacuum system design [l] is comprised of 33 quadrupole and 32 dipole vacuum chambers, made from extruded OFE copper, and positioned in the magnet gaps for each arc totaling 198 quad chambers a r d 192 dipole chambers. The need for the Flex Flange arises from beam line space constraints, cost effective manufacturing tolerances and the overall length of the dipole chamber. The distance between the quadrupole and dipole magnets in the Arcs leaves only 0.31 meters of physical space between the magnet coils. A pump chamber with attached 60 liter per second ion pump occupies the majority of that space including the necessary space for flange bolts. The joint is large enough only for a pair of 8" Conflat flanges. The prototype experience showed that the minimum pratical angularity tolerance for welding a Conflat flange to a chamber is k4.35 mrad. Without elaborate and costly machining and fixturing, the total angular misalignment of two chambers across a flange pair is 2 x 4.35 = k8.7 mrad (k0.5"). This angular misalignment would produce a 51 mm offset at the opposite end of the 5.84 m long dipole chamber. The force needed to push the chamber back on beamline would induce bending stresses great enough to yield the EB fillet weld on the flange adapter.
Such attention to tight flange angularity is not necessary for more coventional chambers. A comparison to the HER Straight Section drift chamber is shown below. The drift chamber is a stainless steel tube that can be approximated as 101.6 mm OD x 3.2 mm wall (4" OD x 1/8" wall). A cantilevered beam model is used to estimate the stresses that would result from displacing the free end 51 mm. The table shows that, while a stainless chamber could endure such lateral offsets and stresses at the weld root, the copper chambers cannot. The material strength of the stainless tubes in the straight section eliminates the flexible joint requirement. A flexible connection, however, is needed in the arcs to avoid the possibility of yielding the vacuum seal joints.
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DESIGN REQUIREMENTS
The space limitations and flexibility requirements form a subset of a larger collection of design requirements for the flange joint which include ultra high vacuum 
Mechanical Loads
The Flex Flange assembly is designed to accomodate the structural loadings due to gravity, vacuum, earthquake (EQ) and external support loads. The loadings imposed by the external supports are conservative. They include frictional forces and the moment imposed by twisting the chamber as required to rotationally align the octagonal cross-sections of the mating dipole and quadrupole chambers.
The ball bearings experience the highest forces due to the combined vertical loads and chamber twist. These forces are not high enough to cause Brinnelling to occur in the countersink bearing area. Pull-out is not a problem since the bearings are seated in countersunk holes and restricted from large XY deflections by the pins in the assembly.
RF Seal
The integral RF seal ring provides electrical continuity between chambers. Crushable fingers made of GlidCopB (chosen for its thermal and structural properties) are employed to accomodate the variations in gap width between chambers. Sets of finger stock are brazed with 35/65 Au-Cu braze alloy to a stainless plate containing the octagonal inner profile of the vacuum chamber. The seal is positioned within 0.5 mm of the SR impingement surface and fastened with a pair of bolts. The seal is not reusable, much like a knife-edge flange gasket. It is extremely important that the RF seal is shadowed from direct synchrotron radiation. The seal can conduct the relatively low heat load of 1 W/cm2, but cannot survive the 2000 W/cm2 direct SR strike. This extremely high heat flux would cause the seal to fail catastrophically. 
Flex Flange Bellows
The bellows are made by MetalFab to their clean specification and may be vacuum fired to meet SLAC's stringent vacuum requirements.
The bellows remains static except during installation to accomodate pitch and yaw of the flange pair. Thermal expansion of the chamber is taken up by the bellows module [2] at the opposite end of the chamber. The only thermal expansion that the Flex Flange bellows must accomodate is the thermal growth of the flange pair, which is negligible. The axial stroke specified reflects the reliability requirement for the UHV seal. The assembly only allows a rotational stroke in pitch or yaw of one bellows end plate with respect to the other. The entire bellows never experiences the full axial stroke during operation. During the ramping to full production, a preproduction module will be assembled and mechanically cycled to ensure performance of the Flex Flange bellows and the RF seal assemblies. The module will be tested to evaluate the impedance contribution of the RF seal and investigate possible higher order mode effects.
CONCLUSION
The Flex Flange design developed for the HER Arcs meets or exceeds the physics and engineering requirements imposed upon it. The concept is adaptable to many applications.
